Dioscorea hispida is a poisonous plant normally found in forest where scientific studies have shown that its tuber contains toxic poison and can be consumed after its poison is removed. Traditionally the tubers were placed in flowing river water for several days. In the harvesting aspect, an innovative hand tool were conceptually designed to replace the traditional hoe or "cangkul". Using IMADA digital force gauge to measure the force required for pulling out the tuber and reverse engineering methods, an innovative hand tool were designed and developed. The results from experiments showed that the force required for harvesting the Dioscorea hispida tuber is found significant with its weight versus regression squared (R 2 ) of 0.86. The information of optimum force required from field experiment is used to model the simulation and practicality in Computer Aided Design (CAD) environment system. The finite element on stress distribution on selected material of hand tool was simulated by uploading the material characteristic on simulation program embedded in Solidworks software. The end result of the simulation is based on visualization of analysis in Solidworks while producing the hand tool for designing and fabrication from material which is lighter and stronger.
Introduction
Dioscorea hispida is one of the Discorea spp (Yam) species and characterize as a climbing plants with glamorous leaves and twining stems, which helix readily around the stem. Dioscorea hispida is commonly found in secondary forest and grow under shaded areas or near streams which is known by the local or vernacular names such as Ubi Gadong [1] . Dioscorea hispida which entitle Ubi Gadong in Malaysia one of the most economically important agriculture in yam species, which serves as a fast food for a millions of people in tropical and subtropical countries [2, 3, 4] .
Normally one would harvest the Dioscorea hispida by using a hoe and needs to plough on around the stem a bit larger than the tuber. Sometimes the farmer may need to cut the root of the tuber and by using a hoe, he needs to push manually. This process might need to be repeated a few times before the tuber could be harvested.
Methodology
Reverse engineering concept was applied where it initially involved extraction of the design layout of the tool, development of schematic drawing and solid model, whilst design modification and simulation in done computer aided design (CAD) environment, Finally is the completed drawing for fabrication purposes is produces [4, 5] . Conceptual designs of the tools were developed and these designs are important in product development [6, 7] . Therefore, a new tool fixture equipped with digital force gauge device to grip the stem is required. The wireframe design of hand tool is shown in fig. 1 . While for measuring the force for harvesting the tubers, IMADA digital meter as shown in Figure2 were used. This meter is the state-of-art, instruments capable of highly accurate measurements required in quality testing to determine the strength or functionality of a part or product. Figure 2 shows a picture on data collection during harvesting the tubers using innovative developed hand tool. 
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The solid modeling software, SOLIDWORKS is used for designing and simulation. Simulation program is very useful at the designing stage before fabricating the final product [7] . Figure 3 shows the flowchart of process starting from drafting, modeling, material selection, analysis, simulation, prototyping and performance analysis, and finally fabrication. 
Finite Element (FE) method
The finite element method (FEM) is a numerical technique for finding approximate solutions to partial differential equations (PDE) and their systems, as well as integral equations. In simple terms, FEM is a method of dividing up a very complicated problem into small elements that can be solved in relation to each other. Its practical application is often known as finite element analysis (FEA) [6] .
Simulation / Analysis
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The main features of FE method are [7] :-• The entire solution domain is divided into small finite segments (hence the name finite element) and over each element the behaviour is described by the displacement of the elements and the material law while all elements are assembled together and the requirement of continuity and equilibrium are satisfied between neighbouring elements. Table 4 shows the mechanical properties of selected materials that were tested for finite element analysis. First is the Aluminium Alloy (201.0-T7 Insulated Mold Casting), the second one is Cast Carbon Steel and third one is Plain Carbon Steel. All mechanical properties are uploaded from database from the Solidworks simulation express. The main aim is to determine the highest ratio of strength over weight of the selected material for hand tool. The lightest material is Aluminium Alloy (201.0-T7 casting mold Insulated ss) with value of 3.14054kg while the volume is 0.00112162m3. The heaviest material is Cast Carbon Steel (SN) with value of 12.0077 kg with volume of 0.00153945 m3.
Result and Discussion
Relationship between Weight and Force Requirement for Harvesting Dioscoreae hispida Tubers
The data is plotted and by using second polynomial regression equation, the relationship between harvesting force and tubers weight is show high significant with value of 0.86. Figure 4 shows the relationship between weight and force requirement for harvesting of tubers of Dioscorea hispida.
Fig. 4: Shows the relationship between weight and force requirement for harvesting the tubers of Dioscorea hispida
From the regression formula, this expresses the relationship between force for harvesting and weight of tuber in sandy clay loam area, Y=615.17x 2 -468.24x + 241.28
(1) With R 2 = 0.86 (2) Where Y is force for harvesting Dioscorea hispida tuber ( in Newton), X is weight of Dioscorea hispida tuber (in kilogram) and, R 2 is regression squared. This regression formula is used to determine the maximum force for simulation in finite element analysis. Edible tubers (Dioscorea spp.) that normally are collected vary from 3 to 10 kg. For the The easiness and practicability to develop a hand tool is the priority to overcome the application of manual harvesting for the farmer in the remote areas. The ergonomic and strangeness criteria of hand tool design and material are selected for benchmarking of research analysis. From the result, the Aluminium Alloy is selected due to lightness in weight of material while the stress force distribution effected during harvesting process is lowest as shown in Figure 4 . The simulation result in CAD modeling software was visually compared with actual field test. The actual force required for harvesting process varies and need to be measured intensively since the type of soil and the age of tubers will effect on its difficultness. It was found that the force requirement for harvesting Dioscorea hispida tuber has a direct relation with its weight. [4] 
Conclusion
The mobility and weight issues are raised for replacing such traditional method during harvesting the tuber of Dioscorea hispida from the remote areas. The finite element simulation program embedded in solid modeling software is helpful for designing and modeling stage. The simulation analysis will enable the designer to choose the strongest material and model during the fabrication stage. The application of technology in area of composite material and automation could be further explored in designing this hand tool harvester. Finally the product could be made commercially available.
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